We have measured the very low temperature (down to 30 mK) subgap resistance of Titanium Nitride (Superconductor, Tc = 4.6 K)/highly doped Silicon (Semiconductor) SIN junction (the insulating layer I stands for the Schottky barrier). As the temperature is lowered below the gap, the resistance increases as expected in SIN junction. Around 250 mK, the resistance shows a maximum and decreases at lower temperature. This observed behavior is due to coherent backscattering towards the interface by disorder in the Silicon ("Reflectionless tunneling"). This effect is also observed in the voltage dependence of the resistance (Zero Bias Anomaly) at low temperature (T < 300mK). The overall resistance behavior (in both its temperature and voltage dependence) is compared to existing theories and values for the depairing rate, the barrier resistance and the effective carrier temperature are extracted.
We present experimental evidence of coherent Andreev backscattering ("Reflectionless tunneling") [1] in a Superconductor/Semiconductor highly transmittive junction. These junctions are a realization of a SIN contact where TiN is a superconductor (T c = 4.6 K) [2] , the disordered normal metal is a 0.6 µm thick layer of highly doped Silicon (n e = 2 10 19 cm −3 ) and the insulating layer I stands for the Schottky barrier. Figure 1 shows the resistance of a 20µm long (distance between electrodes) and 10µm wide sample as a function of temperature. At the critical temperature of the TiN, the resistance drops and then, continuously increases as the temperature is lowered down to 250 mK. The increase is due to the decrease of the number of quasiparticules in the 1 Corresponding author. E-mail: flefloch@cea.fr ≈ 500 Ω µm 2 , where λ F is the Fermi wave length in the doped silicon. This value is confirmed by careful measurements of the contact resistance between very large superconducting pads separated by various distances (Transverse Length Method). For temperature T < 250 mK, the resistance starts to decrease and the BTK description is no longer valid. However, the approach proposed by Volkov [4] which considers the proximity effect, accounts for the observed behavior (solid line in fig:1) . Here, the main parameters are the barrier resistance and the depairing rate γ =h τ φ where τ φ is the phase breaking time underneath the junction. We find R b ≃ 1 Ωµm 2 and γ ≃ 0.3 ∆ which give Γ ≃ 0.9 and τ φ ≃ 10 −11 s. The value of the transparency obtained this way is too large compared to what can be expected from the absolute value of the contact resistance (see above). This discrepancy is probably due to the unknown exact structure of the junction below the TiN pads (strong disorder caused by annealing during process, pinholes ...). For the same reason, the small value of τ φ may differ from the bulk weak localization measurement and results from a local measurement near the interface. At low temperature, we have measured the voltage dependance of the junction (fig:2) . We clearly observe a Zero Bias Anomaly which disappears around 300 mK. The comparison with the model is not straightforward fig:2 ) and we had to introduce an effective temperature T e for the carriers, defined in the following way. At a certain voltage V a , we find the temperature T e which satisfies : R model (T e , V a ) = R exp (T 0 , V a ), where T 0 is the substrate temperature. We then plot the effective temperature versus the applied voltage (Fig:3 at T 0 = 30 mK) . T e increases very rapidly at small voltage and saturates around 340 mK. This rapid raise is due to the fact that at such low temperature the electron-phonon length is much larger than the distance between the superconducting contacts and that there exists a strong Andreev thermal resistance at junction interface. At higher temperature (T 0 = 340 mK), due to the exponential decrease of the Andreev thermal resistance with temperature, the carriers are thermalized with the substrate (T e = T 0 ) and the theoretical prediction is close to the observed behavior (dashed line in fig:2 ) [5] . We want to thank S. Deleonibus from the LETI-CEA/Grenoble for providing us the TiN/Doped Silicon bi-layer.
